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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a charge pump 
circuit or the like in which a stable PLL operation is 
attained, even with a wide range VOC input voltage and 
suitable for a high-speed operation with small data rate 
dependence. 

SOLUTION: The charge pump circuit section is provided 
with a circuit where a 3rd transistor(TR) 2 and a 
current source TR 3 are connected in series between a 
1st TR 1 receiving a 1st control signal UP at its 
control electrode and a 2nd TR 4 receiving a 2nd control 
signal DN at its control electrode and with a control 
voltage generating circuit 1, which receives a signal 
extracted from a node NO between the 3rd TR 2 and the 
current source TR 3 as an input signal VCOin, via a low 
pass filter 2, generates a control voltage, in response 
to a level of the input signal VCOin, to apply it to a 
control electrode of the 3rd TR 3. 
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U )£K10VCOA*lEt:i>UttS^6PLLii 
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$61©S®*© (VDD) tzmtiftl. 

micDmrnm^ <up) *«w»«««c«i&*nfcJBi© 

h7>^^ (TR 1) fc v 

®2©s«*iB! <vss) fc»«5£ft. 36 2©»j»«* 
(dn> tf*wtac««e*hfc» 2<o h 5 

(TR4) 

mi§3tg 10h7> ¥7. $ 43«fctfmJS35f§ 2® h^>^X^ 
©Mfcifi*Jfc««*ftfcJB3©h5>S>;** (TR2> 
*J«tVS«E« (TR3) 

mJl3SI 3©h7>^^ 43 «t VhIiSBSSSSOSESb^ — H 
(NO) <»>6SlDtBS4x*«**fi*7^7l'* (2) & 
5>btA*ff^ (VCOin) i: LTSttSfctK KX^ff 
^©l^;HCJfc tfcSBl»«E*«£ LTbuI3^ 3®h7 
>3>** (TR2) ©»J»«ffit:Bi40f *«»«EE»* 
W& (1) i:ft*«t5ii:Smttt4f-+-5'5l«> 

[«f««2] SMB861#.fctrtB2©h7>5>;** (T 
Rl, TR4) Sx>A>7^>Hh7>y^ti 
BEL, BU§3sg3© h7>^ (TR2) 43«tVHlJ83S 
Sfcigi (TR3) §7 ; 7'^>y>'3>Sb^>i J ^^t-SJES 

cw*iB3] neiBi , m2, m3, 

SfilSSnh?^^^ (TR1, TR4, TR2, T 

R3) &isavh*—&-&mm&ttomhv>vx* (m 

ESFET) £«fc!)«J&LfcCi;£!t$SafcTrSi1f«iH2 

[»#H4] 8HHJS1, US 2, g§3, 43 J: V, Sifc© 
fe«Jffi-r*h5>S?^* (TR1, TR4, TR2, T 

R3) hffl*fctt5' , ;3>y-hSi«#H»* 

h 9 (MOSFET) !5*gj£Ls Stug3fg3 

©h7>^^ (TR2) ©fWWMIfcffiFKSStt^— F 
(NO) t<DfSHZ.'ptH< fcfc lOCD^-f H (DD) 
ftRW-fcd + Zm&m 2 ©*■■*- S>#>mi 

«E*nfc2a©l^<;i/5'7M3gS (LS 1, LS2) 
ttl&143J:U c 2£fti©i''<;i'$':7 MelSS (LS 
1, LS2) C43ft*U'^l''>7 h«£E©SBS**tt*a 

AC8ft^-rs&«&©»5&*iaK«»ft*"*"* 2o©-»w 

r*$g£0BS (11, 12) fcfcflBilTttlfcbfcciifc 
EfSStfc-f SiitjfcJS 1 ©t Cj *—^*>7'[hIS&. 

[fs*«6] meMtP«£E«£iiBi o) ^ «aa 

•ft (Rll, Rl 2) fc*9y-f >m&VBjmt£iEtt® 

*§s§ (13) ^tsxT^Lfecii^^sttt-^is^ia 

[»*H7] S^(i^i:ai^fi^i:©(4ffiit!g«S:fTa 
tttlttKS (6 3 2) i:, Kffiffilttt88*»6>©JB143J: 
VJ|2©MW(g9 (UP, DN) * ft BflSl 
*f£iii7J-r57 c --f-i'tf >7*iaSS (6 3 3) §£^-f 



-i?x>7 , ®t&<Dmtjm^&i&&y * (6 3 4) « 

t> LTftltJfc *> KHi*«9©«EElc*S Ufcffl«»©e9 

ft»4r*«£ESI»*fi« (6 3 5) fc^HStSPL 

LHSST-feo-r, 

mi I35 1 * - 3> * > T-IUgSli, 

Sgl©SS*l8 (VDD) tasttSfu indBSB 1 ©tew 

(up) #*j»«ac«»&snfcJBi©h5>^ 

* (TRl) fc, 

^2©S©#© (VSS) fc«a«$4ix bu§3!H 2 ©f&Jffll 
fl^ (DN) *s»J»«ffit:«|&*ilfc*2©h5>^ 

* (TR4) 

mam i © h ■=> > * 4s «t wkfe* 2 © h ^ > * 

©MtiB5iJC«»ESiXfc*3©h^>3?^^ (TR2) 
43*V««HS (TR3) i:> 

huI3^3© h-7>i?^^43«tVBui3«lK®©gEi^>'— K 
(NO) ^feBlDai**!*®**®^^;^ (2) £ 
tf-LTATJff^ (VCOin) l:USIW5, ISA7jfi 
4f©l^;i>K]fobfc#JfflSm£#g£bTiiil83SB3©h7 
(TR2) ©$iJfflI«©Ca3jD-rSSfJWSJEfSS 
[HEg (1) i:**«-r*Ci:fe«r«4:-rSPLLIltt. 
[M««8] ii583SS 1&£VII2 fflb7>^ (T 
Rl, TR4) ^x>A>^/>Mh7>^^ti 
BEL, mil3^3©h7>^^^ (TR2) 43«ktMiu§3S 
S£S (TR3) 5f7U^3>Sf5>'^i'T-Ii 

Lfe c h *«ti:t s m #js 7 © p l l [gg&o 

[BM&B9] WffiSBl, *2, S6 3 , 43J:V, *«E* 
&MtSb7>-^^^ (TRl, TR4, TR2, T 
R3) fei/g»h*-»6S!ttf«Sb7>^ (M 
ESFET) fc*&«|j«bfc£i:fc«r«i: 8 
©P L L@8S. 

[if mm 1 0 ] Btif33S 1 , m 2 , M 3 , 43«fctf , S81 
33£#§jE£,-r& h7>^^ (TRl, TR4, TR2, 
TR3) $r^JS'7*-hM*fcJ±v''J3>y-hS*^ 
Sh7>^^ (MOSFET) {CttJ^fiKL, HUS3^ 
3©h-7>^** (TR2) ©$iJfflI«1Si:mia3gE^> — 
K (NO) iKDmiZ'PZK ti> lOOy-ft-H (D 

d) fciaitfccfc^ssfc-rsiS^giscPLLSgg. 

[aiSfcJS 1 1 ] Huf3#J®SEE#8£[HS§ ( 1 ) IKtt 
Sci^cF4xfc 2%k<D1"<)l'is7 (LSI, L S 2) 

i:, iSl©S43<f:U : 2Sg©U^;i''>7 MUSS (LS 
1, LS2) tc 43 It SUFI'S' 7 h«EE©jaS ! Hrt4£& 

rx^[H]S§ ( 1 1 , 12) 

<&m t -t h i © p l l mss. 
[Warib i 2 ] mmumms.^^ a) mm 
KftCRii, ri 2) izxwjymm&Bjmtemm 
mmm (i 3) s«iitT«j«Lfcci:ft»*i:"r*»# 

Ifi7©P L L0S&O 

[IS5RW13J Htj§3PLLIHSStt. $?>{c. m&mi 
(Dh^>VX* (TRl) ©SiJSitt8itr«$&^n5Htii3 



(3) 
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jbi©m»«* (up) %fflwrz*?>7\°\& (4) 

(1) (DXtjm^ (VCOin) Sgl7«l»K iSAftft^ 

©gist: mt> -? mffi% i ©#j»fi^©«ta * * ^ > 

bfcc hS^i:-r-2)if5RJa7 ©P L L@i5o 
[ffjfcJ»14] Buf3^v>7"@SS (4) tt-fVA-* 

(4i) schx.v saw >>»-!-^tff!iD$ns^2©m^ 

(VSS) ©«{jj^mii3f6OT«E£S£[H]8§ (1) © 
A^ff ^ (VCOin) (Cf&DT^-fb^-y-Sidtlbfcc: 
i:4^SSi:t-SW5)<«l 3©PLL0SS. 
[IS3<«15] i!U§3PLL[5]S§fcfc, BUS3^1 
ii^U^© h7>->^^ (TR1, TR4) ©iiyjgt 

i&t*£*i> buib^ iio«fcvg§2©$ijffli{i^ (up, d 

N) ©oi<y^$:^si1-2>^J®fi-^5ftS(i]S§ (5) &d3. 
5 C 1 S If 7 © P L L @S&. 

[aS**l 6] mjI3»Jffli«^S[lS& (5) fc£, mifB 
^l©$ijffll(f^ (UP) (C*fL.T> R»f^©jlM5:#^T 

buibis i©t^>^;** (tri) ©#j»«&t:{fei6-r 

■2>Sf§l©3l5£lH]g& (5 1) A^-r^K^l©^^! 

&m-rz>mi<D^3v^-®38 (52) ssj^i^i© 
5=- a * > £ «t *> n s w. 4 © b ^ > ^ 

(TR5 1) tfcfilx.. lo, mif3?fl 2 ©$J®Ut*§ 
(DN) CMbt, ffi5£©iIJ2£^*Ti!tJ§3S§2©h7 
(TR4) ©*Jffli*«i{c#ti|&-rs^2©ilSli] 

g§ (53) xt>?z&%i2oumm^ms.<D'&z,m 

Sfl 2 ©frjfflff ^©£t5*^bEF©:n «y ^ ^gUt" 2 © 
^•a^-BSg (5 4) :fcJ;tmSf§2©^3 y^-HIE§ 
©ffi;frtc£S$iJffll;**x£>ff!5©^>^** (TR5 
2) i:<&{g^fcci:<&^i:-rsif^*l 5©PLL@ 
S&. 

Clf^l7] buI3^ liicttJ^©^ a v*-W& 
(5 2, 5 4) li, ^ix^iX^mStOJ W*— * (5 2 
1, 5 2 2, 5 2 3;54 1)^J:y t 2A*/'7y-h 
( 5 2 4 ; 5 4 2 ) £0ii;L> BtV Tf— Y ©-7i© A2; 

^2©$ijfflifi^ (up, dn) zmfe-rzt&K:, &j 
tv- h©ffc£©A*r£*f L-ti£Sg i axxrm 2 ©$» 

(s^ (UP, DN) *m&m&?Z*.ot bfe-i:^ 
SSi:1--5Iif5!<iSl 6©P LLEIESo 

[§9^iai8] ®jg©asit:<y h©^^!^^-^^ 

^tt<b LTitS^©^ 'J SrtB^^ S^fifbUSS 

(6 1) iis Si^-^D y ^{l*J£g:tt35loTK^Sft;[e] 
S§lc*D>y*{I^£{£*S-r2>*D>.y*#e£lH]S§ (6 2) 

fcx ;sa©^V7;u^-*£#&b-t:{£^©?a&t:y h 

©/^Wl^— *£tB;*J-r3#fi#8![H]S& (6 4) i:, 
I£Jt5jl©v- U TVUt*— * £§ttH*oTi£^lt#gS[5]S&l- 



(6 3) fcfcllfilt-S^&^llS&T-i&oT.. 

Hul3^D^^';*>'N-';iiS& (6 3) (is S*Wfi:tti;tj 
{f^-fcotefflitigt^ffotefflltigtS (6 3 2) i:, 
ffl ^^^©^1*5^^2©^®^ (UP, D 

®g§ (6 3 3) m^^—VX^yMSSOtiiJiis^* 

i&i&yjfr* (6 3 4) s^b-r§<tixt)isai*{3^© 

(6 3 5) i:&*fig1-2>PLL@SS$r«BX, 
B5K^-*— S?sK>7"EI» (6 3 3) <£, 

^i©s®*© (vdd) mmmi<Dfflm 
(up) w»mfiit«!^$nfc^i©hv>^^ 

* (TRI) fc, 

^2©mj)S#© (VSS) £&tft£*v ffiRBJft 2 Offlffl 
ff^ (DN) *s$)JfflIS13i{c«$&^nfc^2©hv>^^ 

* (TR4) i;. 

1RIB8 1 © h 9 J:Vh5I3^ 2 © h 5 >^^^ 

©F^^a:?iJlc^$tT.fe^3©b^>^^^ (TR2) 

&zvmmm (tr3) i:, 

hu §3^ 3©h^>^^^*i x?m a«»«<Dsa» ^ — k 

(NO) fr^StBStl-Sfl^Sig^-r (2) S: 
^UTX±»fg^ (VCOin) i: bTgttSfc KA^jfl 
^■© u-^;Kcft> Dfe$fJWS£E4^ UT huI3^ 3 © h ^ 
(TR2) ©$iJfflim@lcR]An-r5«iJffliSBE^ 
ESS (1) i:SMOi-ri.ci:*^i:t-S^^«I°I 
SSo 

[W*Jai9] Hui3^1^«t^2©h^>^^^ 
(TRI, TR4) SiVA^^VhSh^V^i' 
T-^fiKLs Huf3f&3©h^>^;** (TR2) t}<fcVHU 
IBftttES (TR3) Sf7l'y>3>Ib7>^ , e 

K. 

[ifjRil20] 8513^1, ^2, ^3, *3J;V, «^ 

mtmwL-r^Y^y^^.^ (tri, tr4, tr2, 

TR3) &->3'yh ^-s^-sa;^^ h 5 >s;** 
(MESFET) tc<tt)1gfiEUfc-i:^^i:-rsif* 

^1 9©^#(*:*|g[SK. 
[I«5RIR21] milB^l, ^2, ^3, *3«ttf, MM 

(TRI, TR4, TR2, 

tr3) &&my-hm$.tz&>'V^>>f-h3imft® 

mY5>>isX* (MOSFET) t:<t!3^fi£Ux hoI3^ 
3©b5>^X^ (TR2) ©©jaUSSfcHulB^^ — 
K (NO) fc©Flt:'M<J:tl^O^*-t ! (D 
D) ^aftltfe-fc&^i:1-SlfARiSl 9<D*mfcMm 
ESS. 

[IS5RIS2 2 ] Hui3$iJ®«E^4H]SS ( 1 ) IKK 
Mi?nt2S®i/'<;i'>>7 MelSS (LS l , LS2) 

iix Kias*j<tof2@g©b'<;i'^7 bass (ls 

1, LS2) izmf^V^OV^y hmE.<DU&&&%:& 

m. tc -r fc «>© m ^ i. mm&ft * * t- s 2 o © m -< 



^fig¥ 1 0- 1 3 2 2 1 



7*$g£[H]S§ (11, 12) t*ffiZ--cm3UstzZ£& 

Zffi&mi 8 ©*&&** ESS. 
Iffi&m. 2 3 ] buI3$iJ®SK^^[h1S§ ( 1 ) £ s »» 
ffifci (Rl 1, R12) K<fc f>y-f VHKfl^i&fclEffl 
*BB88 (13) ftfl|*T««bfcCi:SW*k-r*«l« 
«1 8®4&*ttJMIiaB. 

3U©b^>i>;** (TRl) cD$iJ®S«it:«*&$ns 
huIB^ 1 ©*?J»©* (UP) *fflffl-r2>*^>7\Bl& 

(4) ss^, ^^y^mmt, mwmwsstsm 

8S ( 1 ) ©ATjft^f (VCOin) KATJfl 
^©glSt-Kto £ f fiuI3Sg 1 ©#JSP{i*§-©J£t§£ * 5 > 

[IS^Jl 2 5] buI2^ ^ > 7®& ( 4 ) tt-f >M-* 
(4 1) fcdx., iS'f W*— *KS>;bD;*ftSg2©«3g 
(VSS) ©«ffifciKfB*l»«EE»£ll» (1) © 
X^jflf (VCOin) Kjfcb-t£fl3<*-frs<fc?Cbfcc: 

2 6 ] iiuI3*^{«R»li]S&fcfcx * C» S3i2 
^ 143«fcV^2© h7>^ (TRl, TR4) (Dm 
SKB»t&n, fiuIBSBl*J:tfi6 2©Si|»«* (UP, 

dn) ©:cs>$>*&w-ra#JW<!*ittaiHis& (5) 
isnmm 2 7 1 mtimmm^m^m ( 5 ) au mi§3 

mi<D#m{m*5- (UP) CMbt> m«©3l^S:4-^.-C 
mJS3Sfl lfflh7>^ (TRl) ©$ijfflimi5{c«*&t- 
3!f£l©»}i[e]S& (5 1) £:> ATJ-T&ISsg 1 ©ftJffllfl 

^JB©^5ffiSO ;t ^i ; '^*ffl»' v ^ 1 '-^*^**^^''^ 
£ffl^Ti£Sg l ©ftJOTf ^-©aj*^bB#©^ * ^£ 
&m-f%>% 1 Ofay^-iS (5 2) :fc«fctJ^Sg 1© 
^3 <y/t— 0S&©m*{-<t »>f6iJffll£ix£&4©h7>y 
X* (TR5 1) fcftW*.* M"^ liSESB 2 ©*J»«9 

(dn) tc*jbt\ ffifecomm* J *Z-xffiz&m2<Dh7 
y*j*z (tr4) ©«»««£#«&-*-«* 2 ©asug 

8S (5 3) A*f*K»2©«iJ»e^«[}B<oa5lB 

g 2 ©«!I»«*©a**fb«f©* * ^£&§3-r 3fg 2 © 
fa^-aK (5 4) *s±tfRJB2©*-3s"*— @B& 
©m*Kl«t0©M$n5g5©h7>^^ (TR5 
2) a&Hx.feCi:^^i:-r2.tSS<ii2 6©*^» 

[IS5RJB2 8] tM3SfU:l3J:V*2©*-3*/<Hs!l& 
(5 2, 5 4) li, ^tt^ft^HSfS©^ (5 2 

1, 5 2 2, 5 2 3:5 4 1) i5<tV2A*^7^-h 
(5 2 4 ; 5 4 2) fctft^ WkS Tf— Y ©— 2j©A7J 

m2(oumm^ (up, dn) 
ry— h©ffe7?©A7jt^bTi$^ i &x.vm 2<DMM 
(up, dn) zmtmi&i-z&o^Lrzzii&tt 

8Si:-rs§t5Ril2 7©^iSf*««!(°lSSo 



C«W©»«B«:KiW] 
[0 0 0 1] 

s&> is^^-^^vT-iHiss^^-rsPLLiiifs 
&vfc¥i^i«a[5]ss£«-f s. 77-f 

M— ?-**)WD h^>'>— I C (MUX : Multiple 
xer *5<fctfDEMUX : Demultiplexer 
%MM$&) ©^Dy^ V#M'J|5]g& J ?>£'ny-J'$g£II]g& 
58fg[a]S&) lZ}H12>P L L (Phase-Locked Lo 

op : (4ffl[s]W;i/-7-) inESkiHu &mit%i&e>mma^ 

£VCO (Voltage Controled Oscilator:«ff$iJfflJ#gifi 
§§) {c(5xSfc»©ffil!jlE]SS-efeS^^-^^>7-|l!S 

1C ^v*;i/© b-5><>— ^ffl*lft[I]S§) 

©^Dy^'J^S'JUIS&T-fcJu i£^ffl©VCOA£®E 
£:m>T&£5£&PLLtM^#^t&TN =r—*\> 
- h «<#© 'h £ v \ iSJ^ft^ fc M b - if # > 7*0 ss 
©ftttttfSS^ft-^?,. 
[0 0 0 2] 

[&3l5©ftfi5] tS6*» PLL£<fc>);S>£T-i&#£-tf<£5 
^tfpy^ bT^£B$£{4*llt!gtg§;6»S>©gi 

b V >*S© T ?m*=i U P *5 «t tl¥ f? D N £ Htt 

{c, #'>-rnT(4tstb!gts*^m7j^-5^3!) s 

DNCM^^bt^-efen^ T^-V — ^^>7*(HlS§© 
tli** J (£^7-<;b^&MiabfeVCO$fJWt^(±, vc 
O A?3 h * feM^fs ^tt^ f - i: 5 ^ . 
[0 0 0 3] M2 0{£t&fc©3^ — ^^>7"(n]iiS©— fi«J 
&^fit){3^-r0T-fe»?. 02 1liE2OOft-^# 

oic^$n?>j:dic> tje*©^-+-^*>riiigs (h? 

«ti§©ffi^-efe S 7 ^ 7*(f fU P 15 >fl^D N 

A^ft^fty- h Kfltl&Silfc f-7>^^TRl 
l^•TR2&^iixT^#J5K^^^TV^5. 

5) ©VCO©36iSJimS (ffi±f(t^) ^±{ffcV^^ 

ttt^^rm^upstBTjbs st> vco©#6tsfflt6 

i&^Ttf fcV>»^ttt^ •> Xi^D N^tBTJ bt P L L 
@SS©MI^S:D y^f«©ttV>-5 ST t>&v>. Cl^ 
f, h7>^^TR 143«tVTR 2tt, N*-f 7"©a: 
>A>^X>MMESFET (~>3 >^ h*— 
lf^mh^>^^^) ^:b•r^fi!^^^^TV^5o 
[0 0 0 4] 5^*— ^^>7"lHlgS©tiJ7Jfi^ttx 

(D— /^7^;U^) 2£^bTVCO («E*J 

®^}Si§) ©A7jJg^«^^n?». i20*> 

t,B^e>^^«to(^ T^^fs^UP^A^t-Stm^tt 
iiSb^;i/H (VDD) ttt!). Sfc, y^XltDNtf 



(5) 



1 0- 1 3 2 2 1 



\t>-fZ>£lht)&{&l''<)l<L (VSS) i:£fc*K *b 
"C, mm^ft (7 »7OTU P* itf y f> Vffi^D N# 

m (High Ztf<§) Zfcfc*. 
[0 0 0 5] 

[SgBJ3#8¥&b«fc?i:-r5§$S] ±abfc.tot:, EI 2 
O{c^1"J:?&-liai$fc^*-^*>^0&T-fci\ 
^-^^VT-aKcm^^tttiSVD D~V S S htt 
*) y Dy*tWBUDVCOA#«ffi&VCOin (VCO© 

7-y7IfUP©Si: Vup = VDD-VCO 
in 

^Xf^DNCDiStS : Vdn = - (VCOin- 
VSS) 

i:&?K VCOin# (VDD-VSS) /2 J£JW»»-C(4, 
7 «y T'fi^-ODtStS Vupt^ >fs ^-©ffi*S Vdn 

[0 0 0 6] 02 1 iZniZixZ J: -pic, /•yT'Ifffll 
i V u p i: Vl^fflfitl V d n^^ftifei^tts 

VCOini:--&bftV'>;fc#>, ClcDt»c^T-tt^{±u y^tf 

* p tc <t * ®* t ?t> >m^ d n c «t £> ®* ^ 

p i:y>>>f3^©J£tIVd n©##ffctt£M -5 

ffi^ (T*:7<I^UP:fc«fctf^>{s^DN#Hift;**l 

[0 007]^t:> 7WM-ft^HCCi'tH'<' 
ffi i: P L L IslSS*' h ffift 2 ft £ 9 D f * ffi^©&*i 

tfistftstfe, ±s£©<i;g£^:!!>>£bT'j^<-r& 

'J*^-'JlslS§l-*5(tSPLL[iliK-r*l±, ±a>b£D 
y*tt®©IIM££b?>ffe©llH£:bT, t 1 — b 

[0 0 0 8] 02 2 {i*^»«(5IK 

£t§§©-0 ! !l£^1-0T-&'K 02 30:0 2 2 £^{4*8 
ffi ft n5^3)5<D^-V — > Toggle 

;fctt£i$S£i&0;§t-&;fc#©0t-;i9&o 02 2£^£ft 

;LB\ 1 Gb/s) ^.fcU^no/^ff^ (^J^.«, 1G 



Hz) &m&$tltz7Vv7 • 7D-;7'3 1, 3 2, x 
^7^;i/->7--*7y-h3 3, 3 4, iJ«ktJ^ -f > 

D ^7*3 2lC#t$&-rSfcto©t)CD-C-*i)o CCD02 2K 
^?-{a*glt!i«g§£:fc^T, 7'y7IfUP©ilt 
$ D in©^b^ frb &© * D >;/ 9 {S^ C L K 

ifi *) R$jSl * T- i: bT 8156 £ fit V > S . 

[0 0 0 9] 02 3{3^^n^<t^l3 x ^D^^+J-'f^ 
;u«D&/lWT-Stet-i)ti^ fsHV^ffi* (Vou 
t)fct* D * iMf ^ C L K©ffl^»fc|5] Cffl«[«T?«f^ b 

[ooio] ^w:Mbt> 7 : -f>mtwmmtem'&, 
m*.&. 02 3t:i5itsTO©^w ;>ni±, 

ft^UP*s(£l/^UL{C>5;ofc^ y->>fs^DN*){£ 
Ix^^l/Lt'kSfcto^x 02 0©-^* — ^*>7'11]S&^ 
h7>^^TR l*J«tl>*TR 2^W7fc& 

?t-<7i|i>7-©lllA#A^ >t-y>^i: 

3*SS£b3 4)CDfc©T-x t 1 — *SEfb**atfiefc5*— * 
^{bAs^^ll^-^lt^.^ uv>? cr>{4t!#3ift£ d i: t: 

* b<5&:V>#^ife^bSCi:{C3&;2). 
[0011] Jil±5E^fc.totc> 0>J^.^ 02 oc^vr 

— ^ ^ ;n C cd ^ d <y ^ U * ^ ^ 'J IslS&fc: *>t ^ t tt^— 

[0 0 12] #^fl£ |± ;i © <fc 5 #F<gS^£ 
lC«t>), iS^HCDVCOAftmJE^^^T^S^^eP L 
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[0 0 13] 

tut, rnKDmn^mizmmzti, m i vmmm^wm 
tzm2<Dh^i'Vx*h. Buia^i©b7>^x^*«t 

* * <t vm $mmmv>mtii j—y if^m^ mztxzm^ 

■*L<&W.y<{ ;i/*S^LTA2j«^*:bT»*Bl!K ISA 
2rfs ^Cl^JUClfc b&#Jffll«BEft$g£ LTSuiB^ 3 © 
1- =7 > * ©#OT®H£ miJBi- 5ffflfl?«ES&£liS§ i: 
ftll</f1-5 - i: ft^fcf-S^-^tfV^EStfJitfc 

[0 0 14] *^B^©^2©ff^tc«tn(^ SiWfi: 
W£<i^£©{4ffltt:«ftfTd{atelt8<§§i:* l£{4tgtb«< 
£ ©Sg 1 * <fc Vg§ 2 ©$OTff ^ ft § ItJR S WJiS-T S 

7\£\&<OtiiJjm^&&t&7 4 fttf- bTgttEl ») 

#BtSgii:S:M(l-ri>PLLIelSS-Cfe-=>T> 8513*"\r-$> 

{i^3& s $'W«1?it:^^nfc^i©h^>^^^i:. Sfl 
2 ©«B*«fc8SRS *U % 2 ©f&JSPff 9^fH0S«E(c 
#t^^nfc^2©h^>^X^i;^ iiuffi$Bl«Dh5>$> 

* * *5 J: WtulBSg 2©h--7>i>;**©RI tcffi^JtcSEM^ 
*vfeg§3© b5>^*:fc<fcvm$yiii^ Suf3ig3©h 
^ > i?* * « £ ViiiigBttftEfftD&tt^ — K*»e>5l 5 iBS 

*K ^A^M^CU^i'J-JfobfcfrOTmffft^b-riiu 

^lUSS i: 5 - i: S^Sfc fc-T S P L L [5]SS*sa« 

[0 0 15] *»ra©IB3<D}&»fcJ:ntf» <6M©ffif& 
try >©/i-7 WI/t 1 — -J'ft^lifbbTi^jS©^'; T^I/t 8 

5i^-CK^S<b(HlSS{c ^ d y ^fs*f ftffc*Si-£> * 
$B£[5]S8£x M£Di' l J7^f- * fttfrgi bT{£S$©it 
Sty h©^5l/^r- Z&SLftt&®S&£> 

ffijg© * d » * ft ^ ft {&S§1- £ * d <y * >; * n >j [hiss t 
ftJI<!1-£^{«g«[s]S§-t-&-?T, mZray?*)* 
^ V HS&tt, »£<f^fcffi;t>{s^t©G)rtSjt8tftfT-5& 

ft^ft situ* 5 wjsb -r a ft ^ & ffi a-r s +• - s> * > ^ 

* ftfl- LTSItm »} sZMtim^CiW.KlZfc b tzffl%L$l<D 

m^*&£.-r 2,mj£&m&ti&$&£ ftjwi-f z p l less 



^2©fias*©K:gESI?n> Sg2 
7 * © Fa tc il ?"J £ jg«t $ ft tz If? 3 © h =? y if 7. * *j <t u 

mm j - y *> £ i& d tB $ n s fs ^ ^ as,m y 4 ) v * & -n- u 
fc«y»«EE ft ut mia^ 3cDh7>^^ commm 

[0 0 16] 

ixt£, mi<D\~7>i;x#£&2<Db : 7>i>7<$' £<Dffl 

#jwwe»£@»hu urn 3(0 v^y^y-^a^um.m 
M(D&ms- Y^^ mztizm ^zi&i&y ■< )\>* ft 

:frl,TA*J<I^i:UTgttH$l>K i^A*ft^©V^l/^ 

c tzummm ft^* bti3®h7>^^ ©*jffii«i 

ffi IC EP A D "T 2> <t "5 ^ -3 T V \ S o 

[0 0 17] ZtlKZ^X. ^^-^^>7"lHlS&©ma 
^6♦aft^Sv^mff®HT-^l^r>i:rs^i:A ^ T•^^ 
^^©g§fiSff (Vth) -?»^^--K^i4©^i&{-£s 
^M^'M<t5-i:i) s T-?| l . *»PLL@' 
Ktt. ±iBUfc«fi£ft«-r?»5 i -f-^^>riHlSSftiiix 
fePLLlHl?ST-$.»3^ SJp(I^i:tii*ft^i:©ffiffilt«t 
ftff"5(ft*BJt««4:, t4tiJtiKi§* i 5>©^145J;^2 
©SiOTff^ (T>y7-«^*5J:^'7>fi^) ftStt9i>) 
^-r5fI^ftdcia^-?)±f3^^-^5n>7*(HlSSi:> ^ 

SttSi 5 ^tB^fl^-fflftffi^Jo bfc^^»©ff^ft^3fe 
r «E$«J®l6Sil t ft ffi X. X V > 5 o 
[0 0 18] *^©^^««iagSlis ±I3PLL[5] 
SSft^Wn-— 5=-^*;i/© h-7>i>— /^^(H8S (7 
r-fM— ^-v^.;n C) t*5tt-5^n v^'J*^U(aiK 
tigfflbfc'fe.©T-fe t>> ^■fr^-'H CJ4> {£ 

it©ffiStty KZ);^!/^?- ^ft^fifbbTigit©^ 

^ftsttstoTK^m^biHiKtc^ d .5; ^fi^ftw^-r ^ 

^D^^^HSStx ^©^Ut;^— ^ft^gtbT 
<£M©lfi&t:y hra/^v^-^fttija-rs^fi^gl 
[s]S&i:> KSMO^'J^-'l'^-^ftSltfioTiS^a^ 

StiEissicm^©^ n >^ ^fi^ft«^t-s ^ d 9 * <; 
, JlHlKi:ft(ixTV^So 
[0 0 19] 

[HlfiS^J] WT, EBft#BBbT*^ic^s^^-i; 
4t>r[H]SS, iJJ:^ ^-^-^^VT'IilSSftW-rsP 
LL0S&36^Jc#Si**tt[HlK©llfif5^JftUiBJ-r?.o 0 

1 fcfcjfcsgfEjc&s?- y®^<Dm 1 siJ6c«jft« 



[0 0 2 0] M2 OfcjjvTSe*©-?"*— iftii>7m&ii 

(D&m.i> e> a;! -5 xmi^Mmx-iz, *&*© 
+ - > rass© as t>mm v => > y * * T R 1 * <fc 

tfTR4©R3fc: h7>W*TR 2;fc<fcU c ®git3i (h^ 
>***) TR3£lfAU h5>y^*TR2oy- 
h tcf&J»«E#S£[HlES 1 ©tB*Sr«l&-r £ id C«ot 
V%5. CCf, h5>y^TR l:fc«fctfTR4fct, N 

fe, h7>^^TR2^iO t TR3tt, N^-f70f 
71/^->3>SMESFETi:Uti^fvt^5. * 
fc, SiJflSSBE$S£[5]ES 1 fcfc. h7>y7*TR2^1 
«T R 3 i:<D^y - H N 0 £>B? *) tB£ft2>(3^£{£ 
2£?>UT§I*IK& (VCOin) «fc?£&-p 

[oo2i] -rtzt>*>, umw.K.ft%m& i fct. vco 

©A7JSEEVCOin (VCOAW iV 

mm* &&&&& s. c^t\ ?-^-^*>7-iH]ss©tB 
tims.(DTyym^(Dmm (vu P ) fct#j»SEK«fc!> 

ftJpgSftSfetfK (12 0#1) ©*-5fc««« 

<fc a C UT V C O AtKD^mzfrfrt) h ? V u p 
(7y7(tfUP©l(l) 

[0 0 2 2] ^•^-^7K>7'ai*MS©^'>>fM 
*t©Jg*§ (Vdn) lih7>^i'TR20->3'J'h* 

cn^siOTmffiT-^s •? v c o xj]<Dnmz.-h>is>t> 

Vdn#-5£i:&5<fc-5£iMl:-r£>o 

^TR3tt, b7>VX*TR2bm&moh^>VX 

MESFET) £{sgffl-TSdi:K«fc'K r 
@S§£ I C{bbfci§^> h7>^^TR2i:h7>y 
**TR3©g§f6®E (Vth) fclBj-fc-r^-^T-, Kl 
tt»E©A'>fC«fc ^^^©ffitia^'fbbTiK ->3 
<y h*-^;*-K£mft6S^ra«£^b£-&T* 

i nmm-eit. h5>^*TR 2©Kffi«ffivth©^ 

■Mc J: l/t*>, 7^7'/^'»0^ttS: 

^{b^-a-r ^gdffim)E©^ft^^V>0SSS:«JERf 5 C i: 

[0 0 2 3] 0 2*3^^0 3 Itm l(D3-* — VX> 

UP$:Ep»DbfeB#©l&^$r^U, HStt^XI 
^DN£^nbfcB*F©lM1:£^bT03<> CCTn VC 
0©A*j»IEVCOinfcJ\ — S>#>7TaHW*>W 4 
> fcT— ^> *B#£ {iaS^ * — 5># > 7*lHlSS©Ui^«ffi V 
out ©ajfcu^i/i: — gt-r^o 



*l3Bfl¥ 1 0- 1 3 2 2 1 

[0 0 2 4] *T» EI2Kjfs;*fti>«fc5C, 
U P # Kts £ ix S i: h 5 > 5> * * T R 1 > i: * ») i§5 

m&.<Dnmmv dd*> e> tts^ss^ -sasm** i up#sk 

ix, ^-V— ^^>7-[5|ES©tt5^«ffiVout tt, vco 
(WEftMWBSS) ©A^/SEVCOintfcfbTigtaiC 

^•T5«ffi^<t±#-r5o tts^«ffvout © 

Vcont-Vout =Vth (Vth<0) 

Vout =Vcont-Vth 

CCTn Vcontti b 7>^^TR 2©fgJ»S 

[00 25]fc 13lC^tl5«t?l:, ^-7><s^ 

VT'lIESWait/mEEVout tiu VCOCAttEVCO 
intttbtemt^TSSffi^tt^TI-*. dCf, tB 
ftSmVout ©PTFHU h7>^^TR2®^3'?b 
^r-y-hCl-V^ttk^tSh^V^i'TRa© 
Sifc£:©3s^£ Vclamp 
Vout = Vcont— Vclamp 

Vcont=VCOin+Vls 
Vls= (Vth+ Vclamp ) /2 

as^-ri > i:^ T^ym^rxtjm<omtm4 i/-«.;i/Voutu 
p 

Voutup =VCOin+ (Vclamp - Vth) /2 

£tz, ^•■i7>e*X*^f©tt5*a-l/^;i/Voutdn it. 

Voutdn = VCOin- (Vclamp - Vth) /2 

lzm^fcm-6m<9.EEX'^>^>V COin^>MZ± (V 
clamp -Vth) /2©^*IT-7^-^tf V^ltrfl^Tfr 
tl5. C©i-5tC> #HJ£#J£.i;*U£VCOin#VDD 

H ^ IE < -T -5 d 4: ^ ql 16 i: * 5 . 

[0 0 2 6] fr — i?-X>7®S&lZttl,T7yy' 

m ^ U P *3 £ Ify -7 > D N -T 5 {it! JtK88 i: 
UTtix fi^Jx.^ 0 2 2{C^-T{4taititii3?fc^ffl-rs 
dfc^T-tS. 04tt*fgB^(C^?>7 t ^-^^>7 , [e]S& 
©^ 2 3lffifi!aj£^5$l$£^"*-0-t*$> 5 x «l»«£E«ftia 
SS©-0OS^-r*)©T-feSo E4(C*3V>T, #-^^T 
R 1 1~TR 1 4ttN^'f7'©7 ; 7'lx^'>3>SMES 
FET, D 1 1, D 1 2tt^-f ^bT> 1 143 
il51 2^i/^•^'7'^^[HlSS$:^U•rt^S. 

[0 0 2 7] iai~E3Sr#fi3bTiJ£B^Ufe^l^liSC«J 
tt, VC0A^tcHt)e.r5 i ^-^^>7'S*iSr I P'C> 

(VCOAA) £*rL-S£-r SCt^gWi:UTV^5 



(8) 
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*£c:i:#qJigi:&£o -ra*** IBIW«£E»*BI» 1 
2©©l/^;i/->7 hHBLS 1 , LS2i:UTM 
Sft, «ft«ftlto&'W 7*«£HB 1 l*5«fctfl 2 
Slitv^. lRi©l/^i/^7 hiBLS lffl©;^ 

HS&LS 2«o;W7^«4iBl 2<B»flE«»i:B:» 

[0 0 2 9] CLCTn ;W 7^»41B©*t«»*A 

u^;i/i&£l;:iSLTi>£o — 3^ AM7^iM©S 

R 2 CD ^ ^ > ^ IE i: |sl CfiJg^te £ *> it 3 <fc -5 *T 
£ 0 C4>J:5fi:* #J»«E#£[l!»l&2®©U^;i^ 
7Mel^lTMU 2o©ttft&/W7*#£IIIK 

i i*5cfctfi 2icj:?)S-i/^;i/^>7 mskgvw 

E (h7>^7^TR 1 2*5<t^TR 1 4 0D^-bS 
EE) ZfflM-rzztlz «toT. l/^i/tftS 
ttiCBBti^i: ** °TtS 4: -ft £ o 
[0 0 3 0] »abfclB*i#»*fca:*lfeff : Vls = 
(Vth+Vclamp ) / 2 (C:f3V^ h ^>i/X#<Dfflt& 

l&U Vclamp lih7>^^TR2©^a»y b*— 4f 

^fc^T-^^SE Vclamp fc^i&-r£o ^<Z>*£ 
KfISSVth^^I&UTt> (Vth+Vclamp ) /2 

$,ott> Vls= (Vth+Vclamp ) /2#j£!)3:Oo 
bfrbfc**^ ^^>^mm Vclamp (±, HfilSEEVth 

fctt«H«cgE»-ra©"e. i/-*/u$/:7 hsvis^s^ 

tzt, Vls= (Vth+Vclamp ) / 2 RjE£ t> &fc&l^o 

iot, bfiVlsfct, — STttSKi'y*— 

[0 0 3 1] H5ttH4©^ + — 3>5t*>^igtt©»f|sfc 

fClitJ:!)^ Vclamp W>h£<tz->tz 

t-tzt, mmz, ^^--kdi l©^^>rSffiV 

diode fc/J\3<£S. *©*£3I. h7>^^TRl 2 
7>-^^TR 1 l©^- h^JEfc*§ <&£&tt*xi£ 



EVclamp < &-oT*k L"<;U~>:7 hfiVlstfA 

}StI©#*fcttl±GM#;*ft£-tKfc 

[0 0 3 2] l/^->7 MsIS§£ 2&tmf$Lh1r 

Slftlt h7>-^TR 2©*^:*-— K^tttC^fc 

R 1 l*5«ttFTR 1 2©b^>^^^-9-^X*sp]gaT- 

TR 1 2 CO Y^^^*$>V'( X&mn&.lZ-fZ>Z.h~(:% 
8S*2a*rili:-rai4:T?, h7>^TR2C^7 

[0 0 3 3] ilbfei^t:, #SgBJ3©Sgl:fc«fctf£l2 
IUE0>l£«fcfttf, ffijfl^t£&VCOA2jSEE©®ffl£l£ 

t-rzti h7>-^^TR 2*5iO : TR 3© KW 
a©ilV%{c«t5^l!Ftt* s Pc3Mi:'feo-r < 5o ifct^-r 
##gBJ3©£§ 3 HS£#JT-«U ±13 h 5 > * T R 2 « ^ 
tfT R 3 © H L"f >*ff©iSV-<(C .t 5^*M9;tt&^flBf 
SfctoCs SiJfflSEE^mS&llcy^V&Jtfe^SCli: 
let*), KW >SEE©SiV%£<y— hSJE{c«t »)WiEt- 

[0 0 3 4] Hett^B^tc^^T*-^— ^*>XIhISS© 

ff3^1 3tttiti8i (iEfflJiBig) , R 1 143«tlfR 1 
2{iffi!n;$r^bTV->5. E 6 fC^^FixS Xo C, *^3 
*BK«lc*V^T, WW«BE»^HlHi It*. *f*iiSl 3 
i:. «6tR 1 1 2^0i^T«J5£?nTV%5. 

CCT% JOiSl 3©— ^©ATJtctt, VCO©AijS 
(VCOin) ffe7j©A^JlC^ ffi 

SR 1 l*«tlFR 1 2(c«fc»)73-JE$nfcii*S§gl 3©ffi 

[0 0 3 5] *^3HSS«?!lt:*5V>-C> »JWS£E»4E1SS 
1 tt*MH8 1 3 I^MffllSff^^li]^ 1 

®S§©i&f^S:giBaf •5fcto©0T-$>5. |B]^^C13V^T, 

[0 0 3 6] VC0©A^7fl£E (VCOin) ifiV 

DD/2«t»5^:t <M-nSil, h7>^^^TR2*5«t 
t?T R 3 jM&*J»tf5U«e Kh7>^^TR2 

jo «t v t r 3 ©ftiSitt k u -y > mm mmmmz «t ?. « 



[0 0 3 7] CC1T% I7tf>$tl5i^^ Jftetsl 
3 0D;i/-7*tc &IE«tS i: ft *t3©;i/- 7&&&-? Z> #> 

B${zfi&;tp&o«fcdtr bfcv^i:. /\4 4>YZ—Sr>a*HD 

-1" >t— y>XB#t (-7>yXi'TR2©y3'V h*— 

Vo -V i <Vf 

T R 2 GD<y- h Km&£tlZ>®mn& Vcontlr*f*S U 

IEVi(±VCO («E$OTfgJS§§) ®A*tE 
VCOintr*fJ&bTV->.5«, crftfr^ if 1 3©#Jf# 
Ga i ntts 

Gain<l+Vf/Vi 

tfigfrftS. IT, ;r©^{$£?stfc-raeBT-fciu 

Ga i n= 1 +R 1 1/R 1 2 

tfJ&S&'tK ffitaR 1 l*3«fcVR 1 2T-y-f >£ife«>3 

[0 0 3 8] C<0«k-5CLT$iJPaEEf££ElS&l KSE 
^-f> (Gain) Sftfct5^i:t-h7>^i'TR 
2*5<ttJ t TR3cDKly'f >SBEIW^*M«b. 
B©1M^ 5 -i: 0 8fct#$g0J3t:&£> 

^ ^ _ ^ # > ruiss©^ 4 HiSfl] £«5S;e<j tz ^-r 0t- & 

[0 0 3 9] h^^i'TR l©A*SBE©ffil'^;i' 
«ff (Vol) ^P>KlfeffiffVth*-C-CDi£<Ui> b7>^ 
;**TR4©A7J«BE©tS*IlZlfc' ,< -A£ <s i§5j&fb©afi 
tffcfc-pTua. g|fitmffiVthttVCO©A^« 
BE (VCOin) CJ;!)^t)^<5fcfi), §gVCO©A 
higU^USBEVoltfli] b<fc -5 KSb^X < tltllt 
V ^;i/© 5? > £58l& b -o-o /h® *Ifb-f 5 C h tfaJtS 

[0 0 4 0] *=.X\ #SB4£lfi0i"CB:, i8tf^ti 

y7'M^UPS^7>7'[ifS4S^bt4-iSi-5Hb 
T^So C©*7>:7lEltt4tt, N*-f 7(D^>^>7 
> HME SFETT'feSTR4 1 , ^*-l , D4 
1, N^-f7'OT7 , l/'^3>SMESFETt-$5T 
R4 2, *><fcV, -f W<— # 4 1 £CI.£T*gJ3;£*lT^ 
5. h7>^TR4 1, y-f*- KD4 1, *«t 
tf, h7>W^TR4 2lt igmt!iS®^VDDi:(£ 



1#gfl¥ 10-13221 

m&Mf&VS Si:©RStr h— ^>tf— jH*9*s*vt:v> 
©A*J<I^) VCOintCjSbT^b^-a-T h5>$?;** 

tr i<Df—Y\zmh\sX, —feommzmuTzz? 

[0 0 4 1] i9lii8CDft-^^>7'lfilK©iff^ 

KNc©S{4fcr«fc D±TU ^-KNcCltttt 
^J®*ffiVcont*iWCO©A73SHE (VCOin) tc 
<fct)±T1-^o bfrb&A*^ VCOAMEVCOin 

a 5 gt&?- a t s — v n a ©me & v c o xti zl tr ^ 

SrTSfetf), -f W*— * 4 1 0D®l^;i/tB7jmBEVolfc 
iRHtfc^Stcrs. -e©iK^ WEVol*»& h5>$?** 
TR 1 3 SBE (Vthtrl)*T-©>'— HNb©t6 

♦a fc£?£ fz-;g h & 3 ©T- /.h&NI rTI6 i: «t 0, ^ * — ^ 
* > 7-[e]S&©ib^S«3Sib1- £ cz i: #T- $ 5 . 
[0 0 4 2] 01 0&2^PJ31C{£3^-^#>^(US§ 

<Dmsnmm*m3.mzm-tmx-3bi!), mi la^io 

©5^ + — V ^ > 7"0g&©ii;# £ SftB^-T s fe »©et- $> 
iW£iSi£<b-r3fc»©ffe©^-t-;&£. 0 1 o^ri3v^ 

■^©SHSS) , 5 1, 5 3 &MM®&. 5 2, 5 4lif 
3 -y^^— ESS, TR5 1, TR 5 2JiN^'f ^©^Wn 
>^^>MMESFET, -EUT, C5tt§l (*-V 
/v>*) $r^btv->S. 

[0 0 4 3] 01 1 fr^£fi£«fc5£, *^5^ii^J-t- 
tt, ^-3 -y^-@!S5 2ti7>yr7'{s^UP©S:*>TA s t) 
©3L>>^T-/^;i/^^^b> ■^©/V^^$rfflV^•rHi7J© 
5a^T* j ?5S:M< b, 7''y7 , /^'>>©«J^#t)t)S:iS 
»fbUTV>*. cri^A J '5;v^i:, 7»7/^>offl!)* 

■5 > y y-^-^fe^^— j;*;>7-ai^©5:^TA s t)^* 5 
fc£oT b*v^^{b©l*#i:*Sc 
[0 0 4 4] ^3 (HlSS 5 4&y£ W1^DN©aZ: 

*,-f A 5 !3 ©:t -y s;tv^;1/X ^^6^ b, ^O'VW Srffl V> 

Ttti*©iL*»±* s t)^< btv>So rnci^t, 

?>iH-'«>&^P^Sc:i:* s T-§S«t■5^r^^oTV^S. -T^cfc 
^3>y^-@SS5 2*«tZ/5 4{iT>y7*fs^UP* 
it^y >f!^-D N©W ?) mt> t> B#{r/^;u^ bT 

h7>^^TR5 li5«tlFTR5 2>£|gi!)b, 3*x(r 
«t 0 -v — ^ * > T'llISS© tB7J^©^ y S> "T S 
iot'&otv^s. rrt% J1SHSS5 i*«tt/5 3 



*S $ ft 5 7 * y(S «t > ft^ i: © * -f 5 > ^ £ 

[0 0 4 5] CCDio^s *^5SISS0iJ{CiftKs ffiffl 
tt$tg§3 fc^-V— ^#>7"[El8&i:©fiSk:E 1 Otf.fi 

a fc^ * r/y •> >mmm®& 5 * a c t k «t -p 
ft, tiffiit^ai^ttT^T-fs^uP^^VAfcto^iib 

S£B6 3^— ESS 5 2T-^7 1 -r :77V!/;* ©II 

SlSlfS.fcotbfc©*^ ifet^f ^6mfi0iJT-fe*. 
[0 0 4 6] El 2fc*#^BJ3£G&33^-^*>7'lI]S& 
©m6SlfiS^J$:*-r0T-$>t)> j1®Ih1S&5 l^iU^s 

fcfc, ±K£bfe^5^JE0!lt*3ttS^3 ^^-0^5 2 5 
femititAjt-fZ&OX&Zx, I12i:fSnS,t9 

nt2o©-f W*— * 5 1 li><fcV5 1 2(C«t!3«ES<;^ 
ft, 'f Wt— *5 1 2ttfl.gBA»£>©$OTft^S S£«fc !) 
•e©tB*A s $iJP$fti.«t^ti>£eoTV>S. ^ay 
^-[n]S§5 2tt, f5dil$nt3|S©^>A--^5 2 

1~5 2 3*5<tVNORy-b 5 2 4 £d*T 

ft> ^3 y^-[s]S§5 2©HJ*l±l>7>^i'TR5 

1 (Of- ^K:«if&^ftTV^So 

[0 0 4 7] El 3fcfcEl 2<D3-\ — zJ-X>7®$&<Z>W] 

ft%m.wr2>tztt)comT'&Zo mi 2isj;^Ei 3^ 

£ft5<fc-p£, ^3^/l-(5]SS5 2fc£WC, -f »<— 
*5 2 li5<fclM WS— *5 2 3fcfctii:fr©£*>T#!3B# 

tz, 'f 5 2 2 fcfcir^A* »3 ^©jlMB^tfi:*. 

T**?)l3©«ffil*IHJ:»)'Jv£VV, -£©£»> *f Wt— * 
5 2 l-frhJ >M— * 5 2 S'Wk^AMKj^ftSiiN 
■i 5 2 3 0tH*T-{iA^-'^l'^l3Jt^/^-'l'^*i 

y/wvu;*iiiigffl©&s£ «t t) y wamnmifi rtib 

dfttcftbt, -< Wt— * 5 2 3©£*>T#») 

y/W <;i/;*|§£:fcg < T-§&^. 
[0 0 4 8] C©«fc?{C, *^6HJS^J{C«fcft«, Aft 
©©ESS (-f >M-*) ©&t>±#»)©3I5£B$K£;£< 
U ^ft{&©j£*>±#9©^®B$H£it<-f SciiT-?- 
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>w *> mt> r> ssfi^tff o «t o tc^fig-r 5 - 1 tc «t & . 

[0 0 4 9] C©«fc-5tC, *^©^4^SSfi?y~^6|| 
ft#tt*»*., iS^lMl^fg&^o MU[5]g§£ 

^i:-r€>cii:*sT-?, h^^iSZ-tHDfflmmE. (Vth) 
^- l*4*tt©*ftC «t*WttSE»ft^* <tS- 
i; * S T- ? , ^ D >> ^ >; >J H^cd^— ^ U — h flc#tt 
B"J«^»KW«V C O^fflWP L L[HlSS(r*3JtSttiigOrRl 
±{c W-^-f 5 i i: *s Bjfg i; f rf 5 . 
[0 0 5 0] El 4tt*^tc^55^^— ^^>7*[slK 

ME S F E T Sffiffl Ife^Slft^ tt^fe^ 
liMESFETgim<> mZ.lt. E14{CfT«t3 

[0 0 5 1 ] El 4lzm £ft3J;-5fci, h7>^^k 
bTMOSFET (^H-y-bMaif^b^>^X 

ffifflbfcti^fci. h7>^^TR2©^- b • V— 
^Kt^t-HDD^AtSZit.t!), ME S F 
ET (^afh^-SSItWh^V^^) 
fflbfc^i:l5)tt©^?£^5Ci:* s nItgi:'St5. 
t, y-f HDD (Dfm\Z'Pte < £ i) 1 oW.±©jgi2J 
'fefttlS^-rS-tt.t ^ MESFETJftfflUfel 

SgftJg&^§<-rSCli:^T-^S. MOSFE 
TfcGB^b fciU Vt:— 
«>> $iJfflJSS$S£®ES (1) MhISS* lfS 

X-ffitiZ-T S - i: ^ RTte i: * i. . 

[0 0 5 2] J&*3, *^B^CDS«(±, MESFET*5«t 
t^MOSFETtpg^^ft-Ts ffeCDt^V^** (^J^. 
HEMT) ^ffltS^kiflS, &b 

^^>riI]SS5@fflbfc*^*»lHlSS 

•fr^;HC) $:mBSe>j{Cf "TT'd <y^ET-$>i). |h]E(- 

^iV^T, #bb^6 Ui^SfbEIlS (MUX) , 6 2fcfc 

T, 6 4 tt^S^gtUSS (DEMUX) &f bTV>£. 
[0 0 5 3] El 5£tj* ^ftSi-pt, 77-f^-?-+ 

SS) tt> =£fi{ble]S&6 1 , ^n^^^(US&6 2, 



(10) 




(11) 



'j7jM';ia]E&6 3, $>Mfrffi\Bl& 6 4 £fig 

*T^£>o ^m<m^6 1 UU <£i* (#!*.«. 1 0 OM 
b/s) CDlOti/h - wi/^— £ &&A<k bt , 

(f?!l*.fc^ lGb/s) O^'JT^f- ^SrHd^-r 
•5*©T-&3o £©#fifb(H]S§6 1 tCfciU ^Dy^S8£ 
HSS6 2©tB^jf$)S 1 0 OMHz <DPavi?m^r&& 

[0 0 5 4] Sfc. ^ffi^Sf(HlSS6 4t£, (1Gb 
/s) © ~> U T^l/^— # £#8f bT> {£S (1 0 0Mb 
/s)©10lf>;>h- ^^VJUT'—^^tiitli-^XoVZ 
fcoTV>£. C©^S#gS[s]S86 4l3fc}\ <7Dy*U* 

IHIE&6 3©t±S7jT-&?> 1 GHz ©* D y 
JS&£ftTV>£>. dCT, <7D>v* U*/'^ 'JESS 6 3fcfc, 
#U«s 1 Gb./s©«>'JT;t/:r-*£gl* 

*©ffl»i2&»S> 1 GHx ©^D>.y*{s^££ 

[0055] *^tc^s^^— s?5i?>na»ttv m*. 

SS6 3J3a£l*£ftfcP LLSSSfcSffl^ftSfc©"^* 
e„ 116liil 5©^«{*M*[I]E&C#{*3^0y^ 
#g£ll^6 2©— #J£^-tXo y^Is]S&E|-t*&3o El 
6fc7js£*iS«fc-5£. i/vv>7%2EM8,G 2fcfc, (ftffiit 
lgti§6 2 2, 5^-^#>X[h]!§§6 2 3, fg^7-<;U^ 
7"7^;i/^) 6 2 4, *><fcV, VCO (SffSOT 
#Si£§§) 6 2 5£*-r3PLL[5]S§£{l;tT^&o El 1 
6iC:fcV^ #S^6 2 lti:Sip*n>y*©S[ff££g 
7 r fcjjsU *fc> 6 2 6liVC06 2 5ffl 
tB^ff^SrSff^Utm^cD^D^^fl^ 1G 
Hz)£!ii;fr1-£*n y^My^T-^bT^i)., 
*d-/*$8£Ie]S&6 2{±, {4$Btb!gtg§6 2 2tCi50T, 
1 0 OMHz ©Sip^o £:> 1 GHz ©*u y 
tl&Zxiv'/'Tj fU 2 7T-MLfcl/l 0©1 
OOMHz ©{I^££itS&bTPLLfWt£fT-5<fc-5ic: 

[0 0 5 6] El 1 7fctEI 1 5©*2li{fcifi*@S§££tt?> 
i'D^^ >;*M'Jl5lK6 3©-0iJ£SVf XD y*[5]g§E! 

Ell 7ic^^ns«to^, *ny*y*M';@ 
SS 6 3 ti. {4tBJtiK^6 3 2, >ri!» 6 3 

3, ISM,?*** 0^—774^9) 6 3 4, *5«fctf, 
VCO (mEESiOTSgJSfi) 6 3 5&:fr-r£PLL[5]gS£ 
DS^tv^s. ftS!7-<M6 3 4lt ifiifi;R6 

1~R6 3 fcftt^yXrtfCi&lTfegMC 6 1 i:, fl-tt 
t*«?ETft^UT^ (*&fi 
©*-WV>*) C 6 2 ^OSX-TV^So 
[ 0 0 5 7 ] 0 1 7 iCfc^T, <WH«F9 6 3 0 fctv 1 -* 
Aft (lGb/sCDi'U7Jl'r-^) *5<fcVMUX6 1 
©tiJft (lGb/sC^'Jr^f-^) fciltftft^SS 
1 tc«fc 93IiR-f a-fel^^^U 6 3 lliKtl/^i' 
6 3 0©{s^£»fcbTl8ffi©ft^£{4*Bi£t<i§6 3 2 
'N&SS-f 2>My y'T'fc^U -fUT, 6 3 6liVC06 
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3 5 ©Wft«*f£$IJfcbTRfT£©*n (0fl* 
(£, 1 GHz)£ai;ft1-2>^n<;/^M>;>:77£^b-t^ 
»f6 3 7lii'D^r^W^ 
U ^P'^r-f/Hy6 3 7lci!)lGHz ©i'D 
y^ffiftfc 1/1 OC^LT 1 0 OMHz ©fl^£{& 
*lifc«t§§6 3 8-M&j&-r£«fc-5£&o-r^?>o 
[0 0 5 8] uCT% t&ffiit!gtg§6 3 2 te, Wr6 
3 1 ODtti^r (tl*ftBft<i^) k*D»^t»778 3 6 
©tBft (^D^to: 1 GHz)£:©{4*|ifc«t£fi : V\ 
T>yX{i^UP43£V^><i^DN£-trl^* 6 3 9 
a:fc«fctf 6 3 9 b^{fe£TS<fc?K&^>Tl'>&. 
{4fltb«t§i6 3 8tt. ^n<y^^[HlSS6 2{3#t|&^ti 
^©illRlbSip^D (10 0MHz)h^Di/^r-f 
;W^6 3 7©ffift<t^i:©&*ltb£<£*TV\ Tvfm 
^UP^.tV^XS^DNS-tel/** 6 3 9 a*3«kt>* 
6 3 9bAft|&t5J;5t:«:ct^5. *bt> -feU^ 
* 6 3 9 a:fc.t;tf 6 3 9btt, 3gtRfI*fS S 2t;jfoDT 
{41itb8t§§6 3 2*fctt6 3 8©tBft (T^X/g^UP 
iSitf^XS^DN) £;gJRbT^-V-^tf>X[IIg& 
6 3 3^tt*&t-S±-5(c:*t3-CV>So dCT% -feu** 
6 3 9a:fc«fcV6 3 gbtCitK 0"Ji«Ss ffifflit«t^6 

[0 0 5 9] Ell 8(±*^B^tC^S^V-^^>7-|HlSS 

<D^&ft*m&<D-m*^i-\Bi&tmT-$>*), EH©iass 

El 4, El 8, Ell 0, &&Tf, Ell 2©8tfiK 

zmm bfc^©t-fe5c cict% -f w?— ^n©iwsy 

— MIB&B:, E/DMCDCFL (Direct Coupled F 
ET Logic) [38&£<£/BbTV'>So EH 8 Ht?;;**!.* <fc-5 
^©lelEg^JT-li, $iJ»mBE^IllSS1^2©©l^< 
;i/«>7 MSESLS 1 , LS 2lC«fc?)1|g*!Jcb-CV'>;i>o 1© 
§01/^1/^7 |-@SLS 1MWW7^418S1 1 
te s DCFL[n]g§©gGH[i«jE (Vth) feftfflbTft©® 
JS^S^fe-a-s V^;i/->7 M1SSLS 1 iibT©iSS 

tC, h7>-^^ (TR 1 1 l#«fctfTR 1 1 2) ©tr 

[0 0 6 0] ifc, 2©i©l"-<;i'>'7 M3SSLS 2ffl 
©;H7^41!S12^ D C F LHlSS©tB^JD U 
^;i/£5fljffl-r ^5 i:T-IE©®Jg^$*#-^<t -5 CfllfiR£ 
nt^S. C^ftt, h7>^ (TR12 1-TR 
12 3) ©-tr^Xtb^^g <^^sci:A s •^:•§^tv^fe 
to, >'W7'^^ls]SSl 2©^^fcx 4T4*—Y (D 1 
2) ©It'fX&eS'fbf tT-RffM©lSJg^S:f#^ 

[0 0 6 1] «:*5v El 1 8 tc^-f HS&ttx El 8 ^ 
■7 > XHISS 4 , i'J;^ Ell OJitKtcEll 2(c^1-T>y 
X/y^>ff^5Q ; S[HlSS5©«fi)c^^A,T-i3>). Ctl^ 



(12) 
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btil 8©0S&C#UT0 6©fitJ&£;*?>£jiSfflU;fe 

[0 0 6 2] ±i£Ufc0 1 8©0S§i:©i±$ti>£BJl£>;iP 
&«fc-5fc. 01 9 lC7fv-r(5]il§#JT-fci:> lg@oi"<;i/J/ 
7 MSS&LS 1 i: 2©gOl^^;i'->7 hUS&LS 2 i:© 
IHfc, (lEffitfllgtl 3) £}fAU y-f 

fc*SJ:a^J5E^nT^5. C-T% tf*ig§13tt, 
h7>^^TR13 1~TR13 5 2 ft, 

i£if*It§l 3©-73©A7jKtt, lggfflV^->7h 
HS&LS l<D&tl1fim&£tl. ffc£©A7j£fcfc> 
ffitniRl liJitTRl 2£<fc QfrE-ZtLtimmmi 3 CD 
Hi *> #E ft b T 7 4 — Y) W * 2 tl £ i "5 £ o T V * 
3. fcfcN if»I§§l 3©lffil:Hl/t^ 0 6£#l8b 

[0 0 6 3] CCQiotCx #yfcftfc[E]E§tiB£i: L"tfciu 

[0 0 6 4] 

[SSBJJ©®*?!] JULh, Pi£bfe«t-5tc> + - 

cox*«ffiK*v^T*)S«a:PLL»f^*«irtfefca 

0S&£fltfiK-f 3 - 1 5 5 . 
[0®©|gmfci&B.E] 

[01] £>#>^®tt©S61fEiK0! 

[0 2] 0l©^*-^tf>:7[I]g§©®J^&5£BJl1-£fc 
«>©0 (*© 1) T-feS. 

[0 3] 01©ff- ^*>:7®SS©Bj^£i&Bj3-r5fc 
«>©0 (-£©2) ffeS. 

[04] xftwizmzr*— y^>y\si^<om2^mm 

^iCW{c^1-0T-fe5. 

[05] 04©5^-^tf >7-®&©l&^£l&BJ!-r5;fc 
tt)CO0T-feS. 

[06] ^B^K^i^* — v'^VT'lPlSSCO^S^SSfi?!! 

s«sce<j{c^-r0T-fe5o 

[07] 06©^*— ^^^T'HESCftj^SSiB^I-Sfe 
»©0T-$>5. 

[0 8] #36B,B Id i/i£>7®$&(Dm±m.ffiM 
$r«SB<){C^t-0T*S.?». 

[09] 08©3^-^*>:7^SS©i&#£aftBj3-r Sfc 
«>©0T-fe2.. 

[010] jfE^tc^S^-^ — S^tf >7*[5]£§©g§5fl$£ 

[0ii] 0 1 o©^+— s^vtiies©©^^* 



5fc»©0-C-$)So 

[012] ##P££^5^*-^*>;/[h]S§©S&6#I$6 

[013] 01 2©^-^— ^/KVT'tHlg&cott^SriteB^-r 
5fc»O0T-$)5o 

[01 4] *^EB^(C^S?-^ — ^^>7 , Ih]SS©^7^SE 

#J£«iC6Ut;::^-r0-e& 5 o 
[015] *%mzVh%>3-* — i/#>7\s\$&*Mmistz 

[0 16] 0 1 5©*«!W***E»C#tt**0-y*» 

[0 17] 01 5©^{fcig«@S&K:fctt£>*n«;/*<J 

ESS©— m^miryu y^@SS0t:feS. 
[0 1 8] ^b^^^^^^-^jKV^IhIK©*^^ 

[019] *^B§t^^^^ — ^^>7"[h]S§©R^«; 
*J5R©ffe©0i £ 5vrie]SS0-C- S . 

[020] '&&<D3-*—*jft>7 , ®%&<D-m*m£.mz. 

[02 1] 0 2 0©^-f — ^*>r[e]S&tC:fcW-£ilJg£ 
t&iUJf 5 tz to©0T-fe 3 o 

[02 2] #ilW*:jRflHgB|©^Dy^'J*^i;iaBt:a 

[02 3] 02 2{c^1-{4fflit«<§i©tli^* J «*&^ni. 
t£*©?- V - y * > riHSSC 33 ft « l£M£ ifcBS-r 3 fc» 
©0T-i&5. 

[#^©isw§] 

i -fflmm&&±®m 

3- {£tait<g{g§ 

4- ^-7 >:/[5]g& 

11,1 2—tUTX9t2cM& . 
1 3 -if US (iEfflJf*ai§) 
5 1,5 3-S&EI& 

5 2,5 4—5^3 v/^— HISS 

6 l-^S<b@£S (MUX) 
6 2-<7P*i'$B£lH]S& 

6 3— *U >j*/<>JllR 

6 4-#ft#g|[H]S§ (DEMUX) 

i up—^-v— ^^>7*ai735£msipL 
i an— 5=- + -i^^ > ymtimmmu 

LSI, LS2-U^;^7h0iS 

R 1 1 , R 1 2 -iStni 

TR 1— 18 1© h-7>^^^ 

TR2-f3fflb7>^i' 

TR 3—aaStJi 

Vclamp — ^-f KffiTjfSlSJE (TR2©->3f 



10-1322 



— JT— b £ T R 3 ©^SSStS^ L&Wf©^ *- F HS^ 

[qJ«E) 

V C 0 in— V C 0<D XJim&. 

Vf .-^*-KIB*fil«BE (««E#«Enttt«)*^-f 

Vcont— »J««EE ( T R 2 <Z)^- b SK) 
V\&»ffl®ME.9k£M&<D\/'<)\'i'7 b^EE (Vcont - 



Vcoin) 

Vout — y*>rtB*«ff 

Voutup •••^■y— S?#>rffl*«BE©^N-f l/-^^ 

Voutdn y*>^ai*«EE©D — 

Vup— * - ^ * > ^ta^SffiOT' v ^ft^cotStS 
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VouK 




t |vrnKTR2) 
Vcont— i— Ll- 

— ) I » Vcoin 



[03] 

B 1 05^v-=?^>7@ttCD»rt«iSiWf>fctt><7>BI (*G>2 ) 
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* 



(15) 



1 0- 1 3 2 2 1 



[09] 
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TR2 
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